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Abstract 
In this work a comparative study of noise and resolution is presented between Miller and Active Bridge oscillator 
(ABO) topologies. The study was made using two 5 MHz oscillators designed to be used in quartz crystal 
microbalance (QCM) sensors in damping media. Also, a calibration of both sensors was made in order to obtain their 
experimental sensitivity coefficient.  
It was found that the two configurations have similar frequency stability (noise is slightly smaller for Miller circuit). 
0.9 ng/cm2 and 2ng/cm2 mass resolutions were measured with the Miller and ABO oscillators respectively. With 
respect to the calibration, it was observed that the Miller topology can maintain the oscillation condition with small Q 
than ABO, and therefore is more adequate to work in highly damping media. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The use of piezoelectric devices as micro-gravimetric mass sensors in quartz crystal microbalances has 
increased significantly in last years. A QCM sensor typically consists of an oscillator circuit containing a 
thin AT-cut quartz disc with circular electrodes on both sides of the quartz. Due to the piezoelectric 
properties of the quartz material, an alternating voltage between these electrodes leads to a mechanical 
oscillations of the crystal. If a mass is adsorbed or placed onto the quartz crystal surface, the frequency of 
oscillation changes in proportion to the amount of mass. Therefore, these devices can be used as high 
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sensitivity microbalances intended to measure mass changes in the nanogram range by coating the crystal 
with a material which is selective towards the species of interest.  
The mass sensitivity coefficient of QCM sensors increases with frequency in a quadratic way so the 
sensor sensitivity rises with the working frequency fo: ο ൌ െ ȉ οߩ௦ , where ݇ ൌ ʹǤʹ͸ ȉ ͳͲି଺ ȉ
଴݂
ଶሺܪݖ ȉ ݃ିଵ ȉ ܿ݉ଶሻ is the Sauerbrey coefficient. Hence, the sensitivity that is obtained is very high.  
The frequency stability of an oscillator consists in its capacity to maintain the frequency of the output 
signal constant with time. The study of the frequency noise in QCM oscillators is very important: it allows 
a lower limit to the frequency variations of the electric signal that is possible to detect due to the mass 
variation to be established. Therefore, the resolution of the sensor can be calculated.  
In this work, a comparative study of noise and resolution is presented between Miller and active bridge 
oscillator topologies. The study has been made using two oscillators designed to be used in quartz crystal 
microbalance (QCM) sensors in damping media [1][2]. The two circuits have been designed at 5MHz. 
Also, a calibration of both sensors was made in order to obtain their experimental sensitivity coefficient.  
2. Results and discussion 
The two oscillators were experimentally characterized with the aim of determine its sensitivity and 
resolution. In order to find the sensitivity coefficient, a calibration of the sensors was made. Fig. 1 shows 
the evolution of the oscillation frequency during the deposition for the two oscillators and the obtained 
experimental coefficients.  
      Miller        ABO 
    
 kABO=50 Hz/(Pg/cm2)                                                                          kMiller=53 Hz/(Pg/cm2)
            Qmin oscillation = 700         Qmin oscillation = 1300  
    (a)             (b) 
Fig. 1.Calibration curves. Changes of the oscillation frequency during the copper electro-deposition and experimental sensitivity
coefficient (k) (a) Miller oscillator; (b) ABO oscillator 
The resolution of the sensor, i.e. the lower frequency variation that is possible to detect due to a mass 
change, was determined by means of the study of the short term stability of the designed oscillator [3]. 
The time domain characterization was realized by means of a direct measurement of the oscillation 
frequency using a frequency counter. Afterwards, Allan deviations were calculated by varying the 
averaging time, W, from 1s to 38s, using 1000 samples, and the maximum value in this range was taken as 
Vy(W)max [4][5]. This study was carried out with the resonator in distilled water at 30ºC. The detection limit 
and the resolution were then calculated. The obtained results are indicated in Fig. 2. 
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Miller ABO 
Vy(W)max | 1·10-8
Detection limit = 0.05 Hz
ResolutionMiller=0.9 ng/cm2
Vy(W)max | 2·10-8
Detection limit = 0.1 Hz
ResolutionABO = 2 ng/Hz 
Fig. 2.  Frequency noise in distilled water with Q=3000. Measurement of the Allan deviation, detection limit and resolution 
One can observe that the two configurations have a similar frequency stability (noise is slightly smaller 
for Miller circuit). Regarding the quality factor of the resonator, Q=3000, it is slightly smaller than the 
maximum value that can be theoretically attained for a quartz crystal submerged in distilled water Qmax = 
3500 [5]. On the other hand, the minimum Allan deviation calculated for the experimental Q, 3·10-11 is 
much lower than the experimental Allan deviation in distilled water (1·10-8 and 2·10-8) for the two 
oscillators. Thus, the level of noise present in the circuits when the resonator is immersed in a liquid 
medium, is greater than the value suggested by Vig and Walls [6]. As such, we cannot reach the 
theoretical value perhaps because of problems of circuitry. Therefore, 0.9 and 2ng/cm2 mass resolution 
was measured with the Miller and ABO oscillators respectively. In order to improve the frequency 
stability and, therefore, the resolution, it is necessary to diminish the level of noise present in the 
oscillators. With respect to the calibration, it was observed that the Miller topology can maintain the 
oscillation condition with small Q than ABO (Qmin oscillation), and therefore is more adequate in order to 
work in highly damping media. 
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